Introduction {#Sec1}
============

In clinical practice, NAFLD is a pathological syndrome that is reflected by excessive fatty deposition of hepatocyte without alcohol use and other causes of liver diseases \[[@CR1]\]. The global prevalence of obesity and metabolic syndrome leads to the rising incidence of NAFLD \[[@CR2]\]. NAFLD has become a common chronic liver disease. Consequently, a quarter of the global population has been affected \[[@CR3], [@CR4]\]. What's more, the morbidity of NAFLD may dramatically enhance the risks of chronic kidney disease, T2DM and cardiovascular diseases \[[@CR5]--[@CR7]\].

Dyslipidemia is a well-documented influence factor of NAFLD, which can be reflected by the increased total cholesterol (TC) and triglyceride (TG) or declined HDL-C levels and predominance of small dense low-density lipoprotein (sd-LDL) particles \[[@CR8], [@CR9]\]. Recently, TG/HDL-C is supposed to be associated with incident NAFLD \[[@CR10]\]. TG/HDL-C ratio is a predictive indicator for insulin resistance (IR), T2DM, cardiovascular disease and hypertension \[[@CR11]--[@CR14]\].

Obesity is another major influence factor of NAFLD \[[@CR15]\]. If a patient is suffered from obesity or dyslipidemia, considerable attention shall be paid to prevent NAFLD. However, less attention is paid for the non-obese population with normal blood lipid levels. Sun et al. reported that the morbidity of NAFLD is 13.9% among 183,903 non-obese individuals with normal LDL-C levels in China \[[@CR16]\]. In order to prevent and manage NAFLD, more attention shall be paid on NAFLD progression among the non-obese people with normal blood lipid levels.

In our paper, it is aimed to study the correlation of TG/HDL-C ratio with NAFLD among the non-obese people with normal blood lipid levels.

Methods {#Sec2}
=======

Study design & study population {#Sec3}
-------------------------------

The information about study population was obtained from public dataset offered by Sun et al \[[@CR16], [@CR17]\] The research ethics were not required, which had been authorized in the former study according to public policy statements of the dataset. In the cohort study, 16,173 non-obese people who were free of NAFLD were initially enrolled. Exclusion criteria at baseline included: 1) the subjects who had incomplete clinical data and lost to follow; 2) body mass index (BMI) value (≥25 kg/m2); 3) alcohol abuse (\> 140 g/w in the male and \> 70 g/w in the female); 4) medical history, including NAFLD at the baseline, autoimmune hepatitis, viral hepatitis and known origins of chronic liver disease; 5) dyslipidemia (TC \> 5.2 mmol/L, TG \> 1.7 mmol/L, LDL-C \> 3.12 mmol/L, HDL-C \< 1.03 mmol/L); 6) oral medication of anti-hypertensive agents, lipid-lowing drugs or anti-diabetic drugs. Eventually, 9838 subjects (5057 male cases, 51.4%) were asked for an analytical investigation. Selection procedure of study population was specifically revealed in the former research \[[@CR16]\].

Data acquisition {#Sec4}
----------------

As it was described in the former research, the trained staff would deliver the standardized spreadsheet to collect the general information, such as age, height, gender, systolic blood pressure (SBP), weight, diastolic blood pressure (DBP), medical history, etc. BMI was calculated as weight/height2 at kg/m2. Under fasting conditions, laboratory parameters were recorded by professional investigators.

Definition {#Sec5}
----------

Diagnosis criteria of NAFLD conformed to Chinese Society of Hepatology (2010). In general, NAFLD was diagnosed with two of three abnormalities at least, namely, diffuse hyperechogenicity of the liver with respect to the spleen and kidney, attenuated ultrasound beam, and poorly visualized intrahepatic architectural details \[[@CR18]\]. TG/HDL-C ratio was calculated as plasma TG levels (mmol/L) divided by HDL-C levels (mmol/L).

Statistical analysis {#Sec6}
--------------------

The subjects were assigned to four groups based on the quartiles of TG/HDL-C ratio: Q1 (≤0.46), Q2 (0.47--0.63), Q3 (0.64--0.86) and Q4 (≥0.87). The baseline characteristics were described and compared. For the normal distribution, continuous variables were expressed as median (quartile) and for abnormal distribution, they were expressed as mean ± standard deviation (SD). For abnormal distribution and normal distribution, group comparison for continuous variables was conducted through a non-parametric test and one-way ANOVA. Chi-squared test was used to compare the categorical variables. The incidence rate of predefined outcome was counted by person-years incidence and cumulative incidence. The cumulative incidence was compared by log-rank test. In order to analyze the correlation of TG/HDL-C with NAFLD, the cox proportional hazards model was applied to evaluate the risks of NAFLD while obtaining *P* values and Hazard ratio (HRs) with 95% confidence intervals (CIs). ROC curve analysis was used to investigate the possibilities of TG/HDL-C and other lipid index for diagnosis of NAFLD. *P* \< 0.05 (two-tailed) showed statistical significance. SPSS System version 23.0 was used for statistical analysis (SPSS Inc., Chicago, IL, USA).

Results {#Sec7}
=======

Demographic and clinical characteristic of the subjects at baseline {#Sec8}
-------------------------------------------------------------------

In this study, 9838 subjects without NAFLD at baseline were covered. The subjects had a mean age of 42.5 years old; the male cases accounted for 51.4% of the overall subjects. The average value of BMI was 21.1 kg/m2. According to TG/HDL-C ratio, the subjects were grouped. In addition, the baseline biochemical and clinical features were depicted (Table [1](#Tab1){ref-type="table"}). Compared with subjects of higher TG/HDL-C ratio, the subjects of lower TG/HDL-C ratio had higher clinical indexes like BMI, age, DBP, SBP, fasting plasma glucose (FPG), albumin, alanine aminotransferase (ALT), alkaline phosphatase (ALP), aspartate transaminase (AST), gamma glutamyl transpeptidase (GGT), creatinine, uric acid, TG, total cholesterol (TC) and LDL-C as well as the number of the males. In Table [1](#Tab1){ref-type="table"}, the results showed that individuals with higher TG/HDL-C ratio had lower HDL-C and direct bilirubin levels by comparison with individuals of lower TG/HDL-C ratio (*P* \< 0.001).Table 1Baseline demographic and clinical characteristics of the participantsCharacteristicsQuartiles of TG/HDL-C Ratio*P* valueQ1 (≤0.46)Q2 (0.47--0.63)Q3 (0.64--0.86)Q4 (≥0.87)Age (years)41.7 ± 14.342.5 ± 14.842.7 ± 14.843.0 ± 14.90.010Gender, male/female (n)1188/13401247/11721278/11841344/1085\< 0.001Body mass index (kg/m^2^)20.3 ± 1.920.8 ± 2.021.3 ± 2.021.8 ± 2.0\< 0.001Systolic blood pressure (mm Hg)114.0 ± 14.8116.6 ± 15.9119.8 ± 16.5122.0 ± 16.0\< 0.001Diastolic blood pressure (mm Hg)69.0 ± 9.370.5 ± 9.972.1 ± 10.073.6 ± 10.1\< 0.001Fasting plasma glucose (mmol/L)4.94 ± 0.595.05 ± 0.635.11 ± 0.645.20 ± 0.89\< 0.001Albumin (U/L)44.1 ± 2.744.2 ± 2.844.3 ± 2.744.5 ± 2.8\< 0.001Alanine aminotransferase (U/L)16.6 ± 14.217.8 ± 21.018.9 ± 12.820.6 ± 14.5\< 0.001Aspartate aminotransferase (U/L)21.5 ± 8.622.1 ± 10.422.4 ± 8.122.8 ± 8.8\< 0.001Alkaline phosphatase (U/L)63.7 ± 21.068.0 ± 20.371.8 ± 23.675.1 ± 22.9\< 0.001Gamma glutamyl transpeptidase (U/L)20.6 ± 20.222.3 ± 14.827.1 ± 27.429.3 ± 24.9\< 0.001Creatinine (mmol/L)70.7 ± 15.575.2 ± 22.979.3 ± 32.183.3 ± 26.5\< 0.001Uric acid (μmol/L)233.4 ± 68.3253.4 ± 77.1274.8 ± 79.3296.1 ± 80.2\< 0.001Direct bilirubin (μmol/L)2.40 (1.60--2.90)2.38 (1.60--2.80)2.31 (1.50--2.80)2.31 (1.50--2.80)0.003Total cholesterol (mmol/L)4.31 ± 0.534.31 ± 0.544.34 ± 0.554.40 ± 0.50\< 0.001Triglyceride (mmol/L)0.64 (0.55--0.72)0.85 (0.75--0.93)1.05 (0.93--1.16)1.36 (1.22--1.50)\< 0.001HDL cholesterol (mmol/L)1.78 ± 0.291.57 ± 0.241.43 ± 0.221.26 ± 0.16\< 0.001LDL cholesterol (mmol/L)1.96 ± 0.392.08 ± 0.402.16 ± 0.422.27 ± 0.39\< 0.001TG/HDL-C ratio0.36 ± 0.070.54 ± 0.050.73 ± 0.071.08 ± 0.17\< 0.001Data are described by mean ± standard deviation or median (quartile)*Abbreviation:* HDL = high-density lipoprotein; LDL = low-density lipoprotein; TG = triglyceride

Incidence rate of NAFLD in non-obese patients {#Sec9}
---------------------------------------------

During the median follow-up period of 2.9 years, there were 855 non-obesity individuals with NAFLD (Table [2](#Tab2){ref-type="table"}). Incidence rate of total incident NAFLD was 345.2 per 10,000 person-years. Across the quartiles 1, 2, 3, and 4 of TG/HDL ratio, the cumulative incidence of NAFLD among non-obesity individuals was increased from (0.61(0.46--0.76), 1.28(1.06--1.50), 2.55(2.24--2.86) to 4.25(3.85--4.65) (Table [2](#Tab2){ref-type="table"}).Table 2Incidence rate of NAFLD stratified by TG/HDL-C ratioGroupNumberNo. of NAFLDCumulative incidence (95% CI)Per10,000 person-yearsTotal89838558.69 (8.13--9.25)345.2Q1 (≤0.46)2528600.61 (0.46--0.76)82.8Q2 (0.47--0.63)24191261.28 (1.06--1.50)189.5Q3 (0.64--0.86)24622512.55 (2.24--2.86)377.1Q4 (≥0.87)24294184.25 (3.85--4.65)635.0P value for log-rank test\< 0.001*Abbreviation:* NAFLD = non-alcoholic fatty liver disease; TG = triglyceride; HDL = high-density lipoprotein; CI = confidence interval

Correlation of TG/HDL-C with NAFLD in non-obese people {#Sec10}
------------------------------------------------------

The analysis results of the multivariate cox proportional hazard regression were displayed in Table [3](#Tab3){ref-type="table"}. In Model 1 and Model 2 (the age and gender were adjusted), higher TG/HDL-C was statistically associated with NAFLD in non-obese people. While adjusting BMI, FPG, albumin, SBP, DBP, ALT, AST, BUN, Cr, uric acid and direct bilirubin, the hazard ratio (HR) for non-obese NAFLD patients was gradually enhanced across the quartiles of TG/HDL-C ratio. Compared with Q1, HR for non-obese NAFLD patients was 2.10(1.33--3.32), 3.11(2.03--4.75) and 3.40(2.24--5.17), respectively.Table 3Hazard ratio (95% CI) of NAFLD stratified by TG/HDL-C ratioGroupModel 1Model 2Model 3Q1 (≤0.46)111Q2 (0.47--0.63)2.28 (1.68--3.10)2.27 (1.67--3.08)2.13 (1.35--3.36)Q3 (0.64--0.86)4.54 (3.42--6.01)4.50 (3.40--5.97)3.11 (2.04--4.76)Q4 (≥0.87)7.57 (5.77--9.92)7.48 (5.71--9.81)3.44 (2.27--5.23)P value\< 0.001\< 0.001\< 0.001*Note:* Model 1 is univariate analysis; Model 2 is adjusted for age and sex; Model 3 further adjusted for body mass index, fasting plasma glucose, albumin, systolic blood pressure, diastolic blood pressure, alanine aminotransferase, aspartate aminotransferase, creatinine, uric acid, direct bilirubin, alkaline phosphatase, gamma glutamyl transpeptidase*Abbreviations:* NAFLD = non-alcoholic fatty liver disease; TG = triglyceride; HDL = high-density lipoprotein; CI = confidence interval

ROC analysis of TG/HDL-C and risks for NAFLD in non-obese people {#Sec11}
----------------------------------------------------------------

ROC values of TG/HDL-C, HDL-C, LDL-C, TG and TC were shown in Fig. [1](#Fig1){ref-type="fig"} and Fig. [2](#Fig2){ref-type="fig"}. For the male or the female, AUC value of TC/HDL-C ratio was larger than that of HDL-C, LDL-C, TC and TG. The results indicated that TC/HDL-C had better predictive effects than other lipid index. Furthermore, the optimal cut-off point of TC/HDL-C ratio for non-obese NAFLD patients was 0.65 in the male and 0.69 in the female.Fig. 1ROC curves of TG/HDL-C, TC, TG, LDL-C and HDL-C were presented in maleFig. 2ROC curves of TG/HDL-C, TC, TG, LDL-C and HDL-C were presented in female. *Abbreviation:* TC = cholesterol; TG = triglyceride; LDL-C = low-density lipoprotein cholesterol; HDL-C = high-density lipoprotein cholesterol

Discussion {#Sec12}
==========

As far as we know, this is the first retrospective cohort study to demonstrate the prediction effects of TG/HDL-C for detection of NAFLD among non-obese Chinese people with normal blood lipid levels. The research findings show that the subjects with increased TG/HDL-C may have higher risks and cumulative incidence of NAFLD among non-obesity individuals with normal lipid levels. According to AUC of TG/HDL-C for non-obese NAFLD patients, we have found that compared with other lipid index, TG/HDL-C can better predict NAFLD among non-obese population. Our study might be helpful to identify the high-risk subjects for the specific prevention measures.

With the economic boom and quick adoption of western lifestyle in the Asian-Pacific region, NAFLD is prevalent in non-obesity individuals \[[@CR19]\]. The proportion of the non-obesity individuals with NAFLD is ranged between 16% in Italy, 17% in the US, 19% in Hong Kong, 27% in Korea and 75% in India \[[@CR20]--[@CR24]\]. After the follow-up periods of five years, the cumulative incidence of NAFLD reaches up to 8.69% in the non-obese Chinese population with normal blood lipid levels. Nonalcoholic steatohepatitis (NASH) is a severe form of NAFLD. The prevalence of NAFLD in adults is about 20--30%, of which nearly 10--25% patients with NAFLD can progress to NASH \[[@CR25]\]. And approximately 21--26% of patients with NASH progress to cirrhosis within 8.2 years \[[@CR26]\]. From 2003 to 2014, the number of liver transplantation secondary to NASH increased 162%, and NASH-related cirrhosis has assumed prominence as being currently the second leading indication for liver transplantation in the USA \[[@CR27]\]. Therefore, it is necessary to find out an accurate predictive marker for non-obese NAFLD population with normal blood lipid levels.

In this paper, we have found that owing to elevated TG/HDL-C, the risks of NAFLD in other three groups are statistically higher than those of control group. Risks of NAFLD in the fourth quintile are as 3.4 times high as those in the first quintile. With this dose-response relationship, ROC analysis results show TG/HDL-C ratio has higher predictive value than other lipid index. AUC of TG/HDL-C ratio in the male is 0.70(0.68--0.73) and 0.72 (0.70--0.75) in the female. Fan et al. reported the similar results. Compared with other lipid index and liver injury markers, AUC of TG/HDL-C ratio in patients with NAFLD is 0.79 in the male and 0.85 in the female \[[@CR10]\]. In our study, the optimal cut-off point of TG/HDL-C ratio in non-obese NAFLD population with normal blood lipid levels is 0.65 in the male and 0.69 in the female. Fukuda et al. stated that the optimal cut-off point of TG/HDL-C ratio in incident fatty liver patients is 0.64 in the female and 0.88 in the male \[[@CR28]\].

There are some possible mechanisms about the correlation of TG/HDL-C ratio with NAFLD in non-obesity individuals. Firstly, IR has a close correlation with NAFLD among non-obese people \[[@CR29]\]; TG/HDL-C could be seen as the independent predictive factor for IR \[[@CR30]\]. With high TG levels, free fatty acids (FFAs) are increased with better lipolysis. The elevated FFAs levels can bring about the deterioration of insulin sensitivity; the induction of tissue oxidative stress will lead to tissue insulin resistance. With the decreased anti-oxidation and anti-inflammation ability, lower HDL-C levels may lead to IR \[[@CR31], [@CR32]\]. Therefore, TG/HDL-C may have better predictability for IR and NAFLD in the non-obese people. Secondly, a variant allele (rs738409) of PNPLA3 is increased in non-obesity patients with NAFLD; it could be seen as the independent influence factor of non-obese NAFLD population \[[@CR33], [@CR34]\]. Wei et al. showed that among 78.4% of non-obese NAFLD patients of carrying PNPLA3 rs738409 \[[@CR22]\]. According to Dallas Heart Study, PNPLA3 rs738409 is strongly associated with increased hepatic TG levels and hepatic inflammation \[[@CR35]\]. Interestingly, clinical epidemiological data shows that even if metabolic abnormalities like obesity, dyslipidemia or T2DM are absent, NAFLD may be seen in the subjects with variant PNPLA3 \[[@CR36], [@CR37]\]. Therefore, PNPLA3 rs738409 is significant to assess the correlation of TG/HDL-C ratio with NAFLD among non-obese population of normal blood lipid levels.

This research has some advantages, for instance, long-term follow-up visit, retrospective design and large sample size. However, there are still some limitations. First of all, the ultrasonic examination is used to diagnose NAFLD, but the severity of NAFLD cannot be defined. At the same time, the non-invasive and economical approach has been clinically applied for epidemiological studies \[[@CR38]\]. Secondly, our primary study design cannot enable the examination of insulin contents and IR that could have a close association with NAFLD among the non-obese individuals. Nevertheless, the main purpose is to probe into the predictive value of TG/HDL-C for non-obese NAFLD population. Thirdly, questionnaire is not delivered to collect the information, such as their medical history, lifestyle, eating behaviours, frequency of exercise, etc. Through the adjustment of multivariate factors, some important variables are missing.

In conclusion, NAFLD is prevalently occurred among non-obese Chinese people with normal lipid levels. TG/HDL-C is the independent predictive risk factor for NAFLD. Therefore, the non-obese people with normal blood lipid levels and higher TG/HDL-C ratio shall be particularly concerned. Our research findings may provide basis for policy-makers to implement the schemes towards high-risk non-obese people with normal lipid levels.

Conclusion {#Sec13}
==========

There is an independent relationship between TG/HDL-C and NAFLD among non-obese Chinese population without dyslipidemia, which may be used as a better predictor for NAFLD.
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